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RFI1-013 -- Investigate replacing the C7 x 14.75 with a W8 x 18

From Channel Design Calculation by LJD 8/2/11

P := 29631bf

W= ISE-LZS
ft

15ft 14.42ft 10.5831t
Rpi=w—— <+ Pl+|——P
2 15ft 151t

Rp = 5.108-kip

Ry = (2-P) + (w:15ft) - Rp

R4 = 1.156-kip

Ry [RA - w-(15ft — 4.41671“{)]
Wi

M0y = 10.972-ft-kip

From AISC Manual of Steel Construction 13th Edition Pg. 3-131

¢Mny, = 34.5ft-kip

- (15ft - 4.4167ft)

PIG- cof 20(!1
st jo-0-/

oG- 1of20/(

[Checky,eng = if(Mpay <

max —

Since Hangers are eccentric to the shear center, consider torsional effects

See attached example from Steel Structures Design and Behavior. Salmon,

Charles and Johnson, John. Third Edition

ehanger := 1.375in

Ti= 2Pepgneer T = 0.679kip-ft

E := 29000ksi Cy= 122in6 G:= 0.385E

J:= 0.17‘2in4

dMny,,"OK" ,"NG") = "OK" |



Torsional Reaction

_ 12.5 )
T2 = T ? T2 = 0566ﬁ'k1p
Pyyi= i
H 5 etin Ppy = 1.043-kip
Ppp12.5t
Vpi= ————— Ve = 0.869-ki
f 156t f ¢

The lateral bending moment is then:
Mg = V2.5t M = 2.174-fekip

acting on one flange. Twice the moment acting on the entire section gives:

g = 3.04in° o 2Me
bw g
Y
fio = 17.16:ksi
: . T .
For torsional shear stress, since  M_ := — = 0.34-kip-ft
2
flange thickness = t,:= 0.33in Mty
=" Vg i= =7817-ksi Flange
web thickness = = 0.230i tw .
ty = 023000, e = 5 448 ks
t
For lateral bending flange shear stress:
5.25in 5.25in 3
= -0.330in- =1.137-in
Qf 5 33 = Qf 3
I gy p— ;o3 = 3.979.] 4
Ip:= E-O.a30m-(5.251n) Ip =3.979-in
Ve Qg .

V= g = 0.753-ksi

lp-te



Stress on the entire section from normal bending:

M max

15.2in3

O'b =

= 8.662-ksi

Total normal stress = Op + fyw = 25.822-ksi

Web shear stress =

8.14in — 0.33 8.14in — 2.0.33i 8.14in — 2-0.33
Qy = 5.:25in-0.330in.| —— LA = 0 | gy Sl Ll
2 2 4
3
Q,, = 8.374in
Rp-Q
B
V= ——— g, = 8.452ksi
4
61.9in o
Flange shear stress =
5.25in — 0.23i 8.14in — 0.33i
g OB oo py, LN 0I5 o s i
2 2
F=t RB-Q
v v = 0.809-ksi

61.9in4-0.33in

U+ Ugp + Vp = 9.378-ksi

In all cases stresses due to torsion and bending are considerably less than fy of 50 ksi



Far (feve land Tinnerbe i+ Job no. '—/?G}} Sheet no. HNTB
Made by 237 Checked by sl Backchecked by PIC
Date ?//é'/{l Date 9-]b~|| Date ‘{//6'///

€ B

P T.
-. ] s
. 2.5° [ 28
\-' W / i
Constp T 4o act
@ 2.5  Awvey From
o R-'od H’ 5 u‘p‘p{;rf .
T,- T(%F

O Tz 20292k )(1.250n)

T= 74m-k

r02I-olan m
Y




H NTB The HNTB Companies Made DJG Date 9/16/2011 | Job Number 49633
Enginesrs Architects Planners Checked SJG Date 9/16/2011
For Cleveland Innerbelt - Unit 2 Backchk'd DJG Date 9/16/2011 | Sheet No. 1

LRFD BEARING STIFFENER DESIGN

Bridge:  Cleveland Innerbelt - Unit 2

Location: Stiffeners for Catwalk Hanger Beam

AASHTO 2010 LRFD Bridge Design Specifications

(6.10.11.2)
Girder Properties Bearing Resistance (6.10.11.2.3)
Bearing Resistance Factor, @, = 1.00 (6.5.4.2)
Bottom Flange Width, by = 5.25 in
Bearing Area, A = 0.63 in? {conservative)
Web Depth, D = 7.48 in (bearing area assumes 2 plates, each with one 1 inch clip)
Web Thickness, t,= 0.230 in Bearing Resistance, B, = 44 kips (6.10.11.2.3-2)

Bearing Stiffener Properties

Bearing Resistance Exceeds Total Reaction - O.K.

Stiffener Plate Width, b,=.  2.25 in
Axial Resistance (Column) (6.10.11.2.4)
Stiffener Plate Thickness, t, = 0.250 in
Comp. Resistance Factor, .= 0.90 (6.5.4.2)
Stiffener Yield Stress, Fys = 50 ksi
Column Area = 113 in?
Modulus of Elasticity, E= 29,000 ksi
Column Moment of Inertia=  0.64  in*
Factored Design Reactions Radius of Gyration, r = 0.75 in
Factored Dead Load = 3.0 kips K= 0.75 (6.10.11.2.4a)
Includes Live Load Po= 56.25 kip
Pe= 5779.84 Kip (6.9.4.1-3)
Pe/Po= 102.75
Factored HL-93 Load Plus IM= 0.0 kips Axial Resistance, P,.=  50.42 kips
Axial Resistance Exceeds Total Reaction - O.K.
Total Reaction = 3.0 kips Fillet Weld Thickness (6.13.3.2.3b)
Total Reaction = 3.0 kips
Projecting Width (6.10.11.2.2)
Minimum Weld Size = 0.25 in.
Avail Plate Width, ¥ (min(by) - t,)/cos(skew) = 2.51 in (available)
Skew = 0.0000 Weld Size req'd by stress = 0.0213 in.
Max Plate Width = 2.89 in (6.10.11.2.2-1)
Use Double Fillet weld = 0.25 in. =1/4"
Minimum Plate Thickness, t,, = 0.195 in (6.10.11.2.2-1) Design Summary weld

Minimum Plate Thickness Exceeded - O.K.
Plate Width Less Than Maximum - O.K.

Material: A709 Grade 50

Plates: 2-0.250inx2.25inx7.48 in




8.6 / ANALOGY BETWEEN TORSION AND PLANE BENDING 473

g EXAMPLE 8.6.1

Compute the stresses on the W18x71 beam of Example 8.5.2 and Fig. 8.5.8
using the flexural analogy rather than the differential equation solution.

SOLUTION
The substifute system is as shown in Fig. 8.6.2a. The lateral bending
moment is then

M, = V,(L/2) = 1.13(12) = 13.6 ft-kips

acting on one flange. Twice the moment acting on the entire section gives

2M,  2(13.6)(12)
f .
= = =206k
S S, 158 St

¥

For torsional shear stress, since M, = T/2 = 20 in.-kips,

Mt 20(0.810)

v, = 7 ?9— = 4.78 ksi (ﬂange)

’

478 s 2.92 ksi b
v, = 4.7 (m)— 92 ksi (web)

For lateral bending flange shear stress,

, - V0, _ 1.13(5.90)
Y It (30.0)0.810

= 0.27 ksi

where O, = (7.635,/2)(0.810)(7.635,/4) = 5.90 in.’ m

['—12’-0“41;% =20(2)/17.66 = 2.26k /2 T = 40"k /2
4

Vi A
A \ ") N
Vf Vi

(a) Flexure analogy shear (b) Warping torsion shear

Figure 8.6.2 Com

; parison of lateral shear on flange due to warping torsion with that

fom simple lateral flexure analogy.




474 8 /TORSION

The results of the two methods are compared as follows:

Type of Stress Analogy Equation
Normal stress = f, + f,, = 113 + 206 = 319 ksi 1983
Web shear stress = v + v, = 1.25 + 292 = 417 ksi 3.65 ksi
Flange shear stress = v + v, + 9, = 0.27 + 4.78 + 027 = 532 ksi 4.24 ksi Z
o

It is apparent that use of the flexure analogy without modification ig
very conservative approach. In some situations it is so excessively conservatj
as to be practically useless. Furthermore, the most important design item, th
lateral bending normal stress f,, is overestimated by the greatest amount.
The relationship between the flexural analogy and the true torsion pro
lem is best illustrated by referring to Fig. 8.5.4a. Note that the full torsiona}
shear resulting from M, and M, is analogous to the lateral flexure problem,
Figure 8.5.4b shows the portion of the shear that goes into rotation o
elements, while Fig. 8.5.4c shows the portion contributing to lateral flange
bending. If one could correctly assess how the shear due to warping torsion
compares with the lateral flexure situation, design for torsion could be grea :
simplified without being grossly conservative. j o i
Figure 8.6.2b shows the accurate variation of I/} for the problem 0 g
Example 8.6.1, computed according to Eq. 8.5.7, whereupon

i T [ coshAz
7 2h\ coshAL/2

i,

.in which the shear from the lateral bending analogy, T/2h, is modified by th

hyperbolic function.
The lateral bending moment can thus be expressed for this problem as

T (L {
M, = Bﬁ(?) (8.62

or, in general, the change in lateral moment between the support and location.
of zero shear is

AM, = B X (area under flexure analogy shear diagram) (8.6.

where 8 is a reduction factor that depends on A L.

It is to be noted that if Eq. 8.6.2 is multiplied by /4, and the concentrat 5
moment T is thought of as a concentrated load, the analogous moment M :
(sometimes referred to as bimoment) equals 8 times the simple beam momen

8.6 / ANALQOC

Thus the modified flexure analc

1

for the case of Fig. 8.6.1.
Tables 8.6.1 through 8.6.5 §
Joading and restraint conditions,
equals M:h above) or the curv
may be used. In Tables 8.6.3 an

unit length (say, in.-kips/ft).

s EXAMPLE 8.6.2
Recompute the stresses due to tc
modified flexural analogy methc

SOLUTION
The flexure analogy gives

M
as previously computed.
AL = 4380 (as

From Table 8.6.1 at a = 0.
flexure analogy value. Thus the

M, =13.6(
M
if
fbw =
S.V

which compares favorably with
equation solution using AL = 4.
the B modified flexure analog
differential equation solution val

8.7 PRACTICAL SITUATIO|

There are relatively few occasion
fan cause significant twisting, .
fonstruction. In most building

- Strained by attachments along th

not free to twist. Even though tc

ause the rotation cannot exc
Mmembers,




e
Differential
Equation
-
19.83 ksi
3.65 ksi 2ig
4.24 ksi i

—_—

ification is a
conservative
ign item, the
t amount,
‘orsion prob-
full torsional
ure problem.
rotation of
ateral flange
rping torsion
1ld be greatly

problem of

‘3.6.1)

rdified by the

yroblem as

(8.6.2)

. and location

o %

) (863) ,,

concentrated ;
moment th
eam moment.

8.6 /ANALOGY BETWEEN TORSION AND PLANE BENDING 475

Thus the modified flexure analogy gives

M= B(%) ~ (8.6.4)

for the case of Fig. 8.6.1.

Tables 8.6.1 through 8.6.5 give “exact” values for 8 for several common
loading and restraint conditions. For other cases Table I of Ref. 8.9 (where M,,
equals Mh above) or the curves of Torsion Analysis of Steel Members [8.8]
may be used. In Tables 8.6.3 and 8.6.4, m is the applied torsional loading per
unit length (say, in.-kips /ft).

m EXAMPLE 8.6.2

Recompute the stresses due to torsion on the beam of Example 8.6.1, using the
modified flexural analogy method utilizing the 8 values from Table 8.6.1.

SOLUTION
The flexure analogy gives

M; = 13.6 ft-kips
as previously computed.
AL = 4.30 (as computed in Example 8.5.2)

From Table 8.6.1 at a = 0.5, B = 0.41, i.e., use about 41 percent of the
flexure analogy value. Thus the modified flexure analogy gives

M, =13.6(0.41) = 5.58 ft-kips
2M; _ 2(5.58)12

S, 15.8

fbw =

= 8.48 ksi

which compares favorably with f, = 8.49 ksi as computed by the differential
equation solution using AL = 4.80. For this case that exactly fits a table case,
the 8 modified flexure analogy is the “exact” value obtained from the
differential equation solution value. ]

8.7 PRACTICAL SITUATIONS OF TORSIONAL LOADING

There are relatively few occasions in actual practice where the torsional load
an cause significant twisting, and frequently these situations arise during
construction. In most building construction the members are laterally re-
Strained by attachments along the length of the member and therefore they are
not free to twist. Even though torsional loading exists, it may be self-limiting

because the rotation cannot exceed the end slope of the transverse attached
members,




The following pages are excerpts from calculations posted in our final design submittal and are not given
in their entirety. The pages presented are shown to verify loads used in the previous hanger design for

use in the revised design. For the entire calculation please refer to the original calculations submitted
with the Unit 2 Structural Steel Final Design Package.
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The following*f:. pages are for reference for the preceding check/redesign of the catwalk
@ located at the top of the girders. For efficiency, the design completed by DMS on 3/3/2011 (the

following calculations) will be used except for details that must be updated due to the change
in floorbeam layout.




ALLOWABLE DESIGN YA7A T I/AAT AN
Loads/Deflection mﬁl(!(m\/\/ﬁ]YS

““H’’ Series . é-diamond (30" wide)
8-diamond (36" wide})

STEEL WALKWAY SELECTION & DESIGN LOAD/DEFLECTIONS

Wakloway Clear Span
Channel |

Thickness | Depth | Weight Catalog Load
Width | Gauge in. BAL | Number | Type| 40* 590 50 70" g guge 10407 107 12%07 1307 14%0" 1507 160" 1B0" 20°0° 22%.g- 2407
u TO 40 34 45 w8 1w @ @ noo®R s a7 3 w2
247 1 5 154 |Hssouw | p 034 035 038 034 034 03 035 042 050 058 0B 0@ 0. 133 143 170 2m
c 3000 2400 2000 1714 1500 1334 1200 1091 1000 %22 BS7 800 750 666 600 545 500
D 027 028 031 D28 028 0 02 0 04 048 055 083 072 091 113 136 162
U 937 600 417 306 234 185 B0 124 108 8 77 6 B 46 B/ 3 %
24" 10 5 175 [Hssotow | D 03 039 042 038 038 038 03 047 o058 065 077 0B85 101 126 155 183 g2
c 3750 000 2500 2143 1875 1657 1500 1364 1250 1158 1071 1000 8 8W 7% 682 625
D 00 031 03 031 0X 030 031 03 045 053 061 070 080 101 12 151 1m0
1] 031 B0 459 37 27 oM s 13 114 ® B 7 B 51 42 44 g
24~ 9 5 196 | H&50W | D 038 039 042 038 03 03 08 04 0% ©066 077 088 101 126 15 189 225
o c 4125 00 2750 237 2063 1834 1650 1500 137s 18 17T 100 1032 916 &5 750 s
- s} 030 031 034 031 020 03 03N 038 048 053 061 070 080 101 125 151 180
u TRO48 2SN W2 S M6 9 a1 6o 8 52 45 3B 28 24 o
30" 1 5 177 fHesowW | D 033 033 036 03 041 038 0% 03 044 051 059 068 077 098 120 14 73
c 67 202 244 2005 BR 162X 1467 15 1000 T8 1047 977 916 815 T &7 &io
o G27 931 02 029 03 031 03 030 035 041 048 05 062 078 0% 117 140
u N T R 57 45 % a0 25
" 10 5 199 [Heso1W| D 037 043 040 040 ‘045 042 041 041 049 057 066 075 088 109 13 182 192
C | 4584 3666 2055 2819 291 2007 1834 185y 1528 1410 1209 1222 1145 019 o6 B4 783
D D3 034 032 O0R <0F7 034 03 0%, o039 045 053 061 089 087 108 120 155
U 1007 64 497 =8 251 200 160 @ 112 B @’ N e 449 ®w ;o
30" k] 5 221 [ Hespaw | D 037 043 040 040 048 042 041 041 045 (057 066 075 086 103 13 162 19
C | 6042 4082 3061 2880 2520 2240 2017 18m 1680 1551 1439 1344 1260 1120 1007 817 gog
3 030 034 032 032 0 034 038 033 039 o0 053 061 069 087 108 130 155
U i S LA LS (LR S T ¥ N 3w oz 7. 12
%" 11 5 202 |Hes01w]| D 035 035 03 029 00 032 0% 038 045 054 062 07t o082 104 123 150 178
c 264 2133 1777 1524 133 1184 1085 069 pes B0 761 711 666 502 543 484 444
D 028 028 02 023 023 026 028 03 Qa7 043 050 058 065 083 1.®@ 12 (47
u 55 WE 27 B ™ 10 W | e g B B B 2 o2 w5
a5~ 10 5 27 |H8s010W| D 039 03 033 032 03 036 03 042 051 o060 089 079 091 115 140 167 158
C | 30 2667 222 1905 1667 1481 13m 1212 Tr 026 952 830 833 741 667 606 458
D 03t 031 026 026 02 029 031 03¢ 041 048 055 064 072 092 113 137 183
u 1 81 a7 19 12 121 @ e S8 49 42 38 2 24 g g
35" 9 5 253 | HesBW | D 039 039 033 032 033 036 030 042 (s 050 068 079 081 115 140 157 196
c %63 2933 NB 1047 977 918 BIS TH™ 668 611
D 048 055 064 072 092 113 137 163

ALUMINUM WALKWAY SELECTION & DESIGN LOAD/DEFLECTIONS (30" wide)
Walcway ; ’ Clea Span " 4
Channe]

Thickness | Depth | Weight| Catalog | Load
Width | Gauge in. bR | Mumber | Type| 40" 50" 50* 7igr gige 907 10407 1107 120" 1307 140" 150" 160" 180" 20°0° 227" 240"
U | 633.00 40500 281.00 207.00 15800 125.00 101.00 8400 7000 6000 5160 4500 350 3OO0 9120 2000 2550
ALUM.|  .150 5 84 | HE50W D 031 035 040 049 05 067 077 08 102 120 12 160 182 206 230 257 288
1504 C13163.00 2530.00 2106.00 1807.00 1581.00 1406.00 1265.00 150,00 1054.00 97300 90400 B40O 791.00 74400 703.00 686,00 633,00
D 025 028 0% 03 047 0S54 06t 060 082 096 112 128 146 164 184 208 o228

STRUT UNIFORM/CONCENTRATED
Loads/Deflections®
wilic UNIFORM CONCENTRATED
way material U nin) G i)
width thknsgs Serrated Non-serr Serrated Non-serr
i 1 ga. oG8 310 437 510
36" 10 ga. 343 391 515 587
;gisf-; 9ga. 391 444 586 667
bt DEFLEE (in) 0.20 0.19 0.16 0.15
- —— e e—
: 2 o-d 11ga, 429 490 537 612
j ki 10 ga. 494 563 618 704
e 35 s L i = 3 l 1357 id
btk kYA . W i s ;‘;’e:! 9ga. 563 640 703 800
e (24) : Phe 2 DEFLEC (in) 0.14 0.13 0.11 0.10
ALLOWABLE DESIGN Loads/Dellections — for 5. 11 ga. 798 917 798 817 24
Heavy-Duty Gri Strut® Walkways/Planks: UNIFORM i
and CONCENTRATED Loads (U and ), corresponding = 100 il e i o
siderail DEFLECTIONS (D) for individual grating struts: Stead 3ga. 1026 178 e Lot
CONCENTRATED Loads (C,) and corresponding strut DEFLEC(in} | 0.1 0.10 0.08 0.07
DEFLECTIONS {D,) —~ see load application detalls in 307 wide 1507 550 530 679 679
""General Load Information™, page 4. aluminum | DEFLEC {in) 0.75 0.75 0.60 0.60

18 {2} See General Load Informalion". pane 4. for pamniate runtanatinn ol deslon load dellection conditions.
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